Nanotechnology is a revolutionary 21 st century technology, and is starting to impact almost every aspect of society. Disease diagnosis and treatment is one high-impact area where nanotechnology has excellent potential and promise [1, 2] . Nanotechnology is already moving from being used as a passive structure in applications such as cosmetics and sunscreens to active structures in applications such as pharmaceuticals (targetable "smart drugs"). These new drug therapies have been shown to cause fewer side effects and to be more effective than traditional therapies [3] .
INTRODUCTION
Nanotechnology is a revolutionary 21 st century technology, and is starting to impact almost every aspect of society. Disease diagnosis and treatment is one high-impact area where nanotechnology has excellent potential and promise [1, 2] . Nanotechnology is already moving from being used as a passive structure in applications such as cosmetics and sunscreens to active structures in applications such as pharmaceuticals (targetable "smart drugs"). These new drug therapies have been shown to cause fewer side effects and to be more effective than traditional therapies [3] .
Nanotechnology is also aiding in the formation of molecular systems that are designed to be noticeably similar to living systems, which could be the basis for the regeneration of body parts that are currently lost due to infection, accident, or disease [4] [5] [6] . In order to fully realize the promises of nanotechnology in medicine, significant improvements in scientific and technological infrastructure are needed as well as vast improvements in the education of technicians, engineers and researchers in the field.
The need for highly technically-trained and qualified nanotechnology workers with broad experience in the areas of engineering, biology and material science is estimated to be in the millions over the next two decades [3, 7] . To achieve this goal, continued investment and innovation in education is required from the K-12 levels through the professional level in order to enhance the understanding of the bio-nano interfaces [8, 9] . Such interdisciplinary education allows us to begin to predict the biological response to nanomaterials in order to more rationally develop materials such as diagnostic, therapeutic, imaging, and theranostic agents and implant materials [10] . Under the funding support from National Science Foundation-Nanotechnology
Undergraduate Education (NUE) in Engineering we have developed a plan to enhance undergraduate student learning in bioengineering and provide students with research experiences, introducing them to the area of bio-nano devices and systems. Our plan integrates nanoscale technologies with biological systems in the development of new materials, biomimetic nanostructures, tools and devices that will facilitate biomedical research. Our emphasis is in the area of developing nanomaterials to improve clinical diagnostics and therapeutics, and to regenerate or improve tissue functions. This approach is expected to enhance student knowledge and understanding of bio-nano interfaces and proficiency in conducting research in the area of bio-nanoengineering. Students trained in this area are expected to earn a certificate in the Page 26.673.2 2 interdisciplinary nanoengineering program which is under development as part of this project.
The four primary objectives of our project are listed below:
I. To develop biomedical nanotechnology modules in existing bioengineering courses.
II. To develop a team-based, biomedical nanotechnology course with a significant hands-on laboratory component.
III. To develop a semester long research experience course related to biomedical nanotechnology for a limited number of undergraduates.
IV. To develop an interdisciplinary nanoengineering certificate program (INCP).
ASSESSMENT METHODS & IRB APPROVAL
Each phase of the undergraduate student's learning experiences were assessed using multiple measurements. Content learning for Objective I, the learning modules in BMEN220 and BMEN310, was assessed using an instructor designed content assessment and student satisfaction was assessed using a student satisfaction survey. Content learning for Objective II, the course BMEN570, was assessed with a pre and post-test using an instructor designed content assessment and student satisfaction was assessed using focus groups. Content learning for
Objective III, the course BMEN570, was assessed with a presentation review process involving 9 independent reviews, while course satisfaction was assessed using a student satisfaction survey.
All assessments were administered by assessment personnel independent from the instructor and data were also analyzed by these personnel. All research was conducted in accordance with the policies of the Institutional Review Board (IRB), which granted approval for this research design and methodology.
PROJECT ACTIVITIES AND OUTCOMES
I. Development and instruction of biomedical nanotechnology modules in existing bioengineering courses (Bio-Nano I).
Our first activity was to introduce concepts of biomedical nanotechnology in the form of modules and lectures in existing courses. Students were given the opportunity to learn how technologies inspired by Mother Nature, such as biological building blocks, their synthesis, and assembly in tissues and organs, are being used for the benefit of patients and doctors. To assess the effectiveness of the content learning models, students were assessed on their content knowledge and satisfaction with the experience. Content knowledge from the learning modules was measured using a brief content assessment developed by the instructor and researcher who developed the lectures. The items were derived directly from the concepts covered in the modules. Results from the content assessments demonstrate inconsistency between the two cohorts of students participating in the modules in each class. Overall, the first cohorts of students (Fall 2012) were more successful on the modules than the second cohorts (Fall 2013) respectively.
Uneven sample sizes of participants being exposed to these models could be at least partially responsible for some of this variance. There was no change in the modules or the content assessment items between the first and second administrations so individual student variance and cohort effects could also explain some of the variance observed.
In addition to content assessments, student satisfaction was assessed with a 13-question survey using a 5-point Likert scale. Responses ranging from strongly agree to strongly disagree were measured on these dimensions. Overall, respondents indicated value in the modules and an interest in the field of biomedical nanotechnology and the content of the modules. More importantly, students indicated that they would be interested in participating in a course in biomedical technology and nanoengineering. Table 2 ). Relevant nanomaterial systems for applications such as iron oxide and gold-based nanoparticles and electrospun nanofibers were presented in lectures and laboratory experiences. This course utilized important findings of previous and several ongoing biomedical nanotechnology-related projects as course materials; for example, we incorporated current experimental results to show why bioconjugation, purifications and dispersion of nanoparticles in body fluids are so critical for the development of a clinical grade nanoparticles system for the detection and treatment of disease like cancers. In addition, the laboratory part of the course allowed the students to perform experiments in order to gain a better understanding of information presented in class and more respect for the amount of work and attention to detail needed to produce advanced, publishable results for peer-reviewed publications.
Similarly, students gain a better understanding of class content and real research if techniques presented in class are reinforced in a lab. For example, nanoprobes were first discussed in class, which was followed by a lab experiment to show the actual nanoparticles. We also used microPage 26.673.9 structural pictures of our samples created during lab experiments to illustrate the advanced level of research in which their professors and peers are engaged. This motivated the students to learn about advanced techniques for characterization of nanoparticles such as atomic force microscopy (AFM), transmission electron microscopy (TEM), scanning transmission electron microscopy (STEM), and Zetasizer. Table 2 . Major course topics of BMEN 570
Course topics Laboratory
Introduction to nanotechnology Student learning was assessed using a pre and post-test content assessment. Students in Spring 2013 were assessed on 20 dimensions related to the course topics. These assessments were given at the beginning and conclusion of the semester. Sample items from these assessments are included below:
The spring 2013 cohort contained 17 students and their results are seen below.
For the second cohort of students (n=4) in Spring 2014, the content assessment was revised to 13 items to better reflect the refined course content. Some of the questions asked in Spring 2013
were removed in second year assessment. Sample items from this assessment are shown below.
2) The correct nanometer size scale in increasing order (smallest to largest) in terms of well known species is:
3) Which nanomanufacturing category to pulsed laser deposition (PLD) and mechanical attrition QA QC QE QG Q2 Q4 Q6 Q8 Q10 Q12 Q14 Q16 Q18 Q20
Individual Pre-and Post-Test Scores
Pre-Assessment
Post-Assessment
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The results from these assessments for Spring 2014 are shown below.
Overall, students showed improvement in the content dimensions measured from pre to post-test
administration. Continued refinement of the testing items and course content will be ongoing.
Again, it should be noted that sample sizes between the two courses were uneven.
In addition to the content assessments, students from both BMEN570 courses participated voluntarily in focus groups to gauge student satisfaction in the course. Overall, students responded that their course experiences were positive. Students had many positive things to say about the course, including the positive learning environment that nurtured their learning and growth. Several also commented on their new insight and perspectives on this field and greater insight into this field of study, as it relates to graduate work.
III. Development of semester-long bio-nanotechnology research-based education (Bio-Nano
III)
As a third phase in this NUE project, a semester long research experience class related to biomedical nanotechnology for a limited number of undergraduates was developed. Highperforming undergraduate students from activity I and II were recruited to engage in semesterlong research projects. Students received "Independent Study" or "Independent Research"
course credit for this systematically mentored by NUE PIs and their graduate students. This course was offered as BMEN 570: Research Experience in Biomedical Nanotechnology and Engineering for CBBE students and MEEN 585: Special Topics for ME students. Nanowires" and "Magnesium Nano Coating on metal". These projects were presented and evaluated for contents. Supporting documentation including a course syllabus, sample student presentations, and evaluation rubrics were submitted in the NSF-NUE-annual report.
Assessment and outcomes:
Students completed their research projects over the course of the semester and presented their research findings to expert researchers, peer reviewers, and external reviewers. Students also participated in a self-review. Presentations were judged on dimensions ranging from quality of hypothesis to organization of material. Each research project was judged by 9 independent reviewers (including self-review). In addition, student satisfaction was assessed using a student satisfaction survey. Overall, students reported high satisfaction as it relates to course value and a desire to take the course, even if it wasn't required. Students also voiced increased satisfaction with the opportunity to be innovative and work in the lab on new research topics relevant to the field.
IV. 
